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Abstract: We studied the changes of total dry matter and moisture content, solubility, titrable 
acidity, acid degree value and scorched particle content in whole milk powder (WMP) during storage of 18 
months (shelf-life). Samples were stored at room temperature and at maximum 15°C (maximum limit 
stipulated in Romanian standard). The samples were analyzed after obtaining and at 3, 6, 9, 12, 15 and 18 
months intervals for the mentioned physico-chemical parameters. Values indicated an increase in titrable 
acidity and moisture content with a decrease in total dry matter and acid degree value with the storage time in 
whole milk powder. No significant changes were observed with solubility index under these conditions. 
Scorched particle content do not exceeded disc A in whole milk powder samples in neither of two different 
storage conditions during shelf-life.  
 
INTRODUCTION 
 
Milk powders are hygroscopic: they tend to attract water readily from humid 
atmospheres. When moisture levels are excessive, milk powders may become sticky, caked 
or lumpy, and exhibit reduced flowability and solubility.  
The insolubility is generally attributed to the Maillard reaction, which involves 
reducing sugars and proteins. Storage studies of dried milk products have shown that the 
products stored in a variety of conditions could exhibit slight changes of solubility.  
In some studies, the pH of milk powders stored at room temperature was shown to 
decrease. The pH change can also be attributed to the bonding of amino groups by lactose 
in the Maillard reaction. 
Milk powders contain relatively high concentrations of lactose and protein high in 
lysine (an amino acid) content. In the presence of moisture, these components readily 
participate in the Maillard reaction. This interaction may result in changes in protein 
quality that is accompanied or followed by undesirable color changes. Typically both the 
temperature and humidity of storage conditions have an effect on the Maillard reaction.  
(http://www.usdec.org/files/pdfs/SMPStorage.pdf) 
Powdered whole milk is subject to a variety of off-flavors of which rancid, tallowy 
or oxidized and stale are influenced by the preheat treatment of the milk previous to 
concentrating and drying. Other factors which may influence the development of these off-
flavors are the conditions of storage, such as temperature of storage and inert gas packing. 
Lipolysis can be detected by measuring the acid degree value which determines the 
presence of free fatty acids. Lipolytic or hydrolytic rancidity is distinct from oxidative 
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rancidity, but frequently in other fat industries, rancid is used to mean oxidative rancidity; 
in dairy, rancidity means lipolysis.  
(http://www.foodsci.uoguelph.ca/dairyedu/grading.html) 
 Scorched particles are generally accepted to be a measure for any deposits in the 
drying chamber having been exposed to high temperatures thus getting scorched, 
discoloured and at the same time insoluble. However, it is not only the dryer that 
contributes to the scorched particles, as even the raw milk may contain some dirt or 
sediment, and if not clarified in a separator these will be found in the powder. Also from 
the evaporator brown, insoluble, jelly lumps may contribute to the scorched particles, if 
deposits have been formed in the tubes due to insufficient coverage of the tubes, or 
insufficient cleaning  
(http://www.niro.dk/niro/cmsdoc.nsf/WebDoc/ndkw5y8g4dLibrary) 
 
MATERIAL AND METHODS 
 
Whole milk powder taken in study is an instant product with 26% of fat. 
Samples were taken from plant after obtaining and were codified with WMP1 in the 
case of whole milk powder stored at room temperature and with WMP 2 in the case of 
whole milk powder stored at maximum 15°C. 
Physico-chemical parameters like moisture and total dry matter, solubility, titrable 
acidity (which is an indicator of freshness) and acid degree value (which is an indicator of 
lipolysis) were followed at whole milk powder samples after obtaining and after storage for 
3, 6, 9, 12, 15, 18 months to different storage conditions: room temperature and maximum 
15°C. 
The amount of scorched particles in a powder is determined by comparison with the 
ADMI chart: Scorched Particle Standards for Dry Milk. This method is used for milk 
powder and all other dried dairy products. The results are compared with the original 
ADMI standard chart. The comparison is visual. The standard chart is divided into a scale 
from A-D. If a sample is classified as being between two standards it is always set at the 
highest value. (http://www.niro.com/niro/cmsdoc.nsf/WebDoc/ndkw6u9b6h) 
Titrable acidity, moisture content and total dry matter were made in triplicate for 
each whole powder milk sample, solubility and acid degree value in duplicate and scorched 
particle content a single determination. Average values in reproducibility conditions were 
taken in discussions.  
 
RESULTS AND DISCUSSIONS  
 
Some of the physico-chemical parameters are limited by the Romanian standard. 
Therefore, in the case of total dry matter minimum value admitted is 96%, for moisture 
content maximum value is 4%, for solubility minimum value is 98%, for titrable acidity 
maximum 19°T and for scorched particle content, maximum disc B. In the case of acid 
degree value (ADV) Romanian standard do not stipulates any limits.  
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Graph 1. Evolution of whole milk powder moisture content (%) during storage at room temperature 
(WMP1) and at maximum 15°C (WMP2) 
 Using the Student’s test for paired samples no significant differences were 
registered between moisture content of whole milk powder WMP1 and whole milk powder 
WMP2 (p>0.05). 
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Graph 2. Evolution of whole milk powder total dry matter (%) during storage at room temperature 
(WMP1) and at maximum 15°C (WMP2) 
 Using the Student’s test for paired samples no significant differences were 
registered between the total dry matter of whole milk powder WMP1 and whole milk 
powder WMP2 (p>0.05). 
 
 
 
 
 
 403 
 
 
 
 
 
0 3 6 9 12 15 18
99,0
99,2
99,4
99,6
99,8
100,0
So
lu
bi
lit
y 
in
de
x 
(%
)
Storage period (months)
 WMP1
 WMP2
 
Graph 3. Evolution of whole milk powder solubility index (%) during storage at room temperature 
(WMP1) and at maximum 15°C (WMP2) 
Using the Student’s test for paired samples no significant differences were 
registered between solubility index of whole milk powder WMP1 and whole milk powder 
WMP2 (p>0.05). 
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Graph 4. Evolution of whole milk powder titrable acidity (°T) during storage at room temperature 
(WMP1) and at maximum 15°C (WMP2) 
Using the Student’s test for paired samples no significant differences were 
registered between the titrable acidity of whole milk powder WMP1 and whole milk 
powder WMP2 (p>0.05). 
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Graph 5. Evolution of whole milk powder acid degree value (%) during storage at room temperature 
(WMP1) and at maximum 15°C (WMP2) 
Using the Student’s test for paired samples no significant differences were 
registered between the acid degree value for WMP1 and the acid degree value for WMP2 
(p>0.05). 
 
CONCLUSIONS 
 
 For statistical analysis of data was used Student t test. For all parameters taken in 
study no significant differences were registered between samples of whole milk powder 
(WMP1 and WMP2) during entire period of storage. Our country having a temperate 
climate average value of room temperature is 25°C. According to statistical analysis of 
data, this 10°C which outrun maximum temperature admitted by Romanian standard 
(15°C) does not significant influence the quality of whole milk powder. If we analyse 
individually every sample (by comparing with maximum or minimum level admitted by 
Romanian standard) we can observe some differences that include the product in area of 
quality or non-quality.  
 Thus WMP1, WMP2 in the twelve month of storage and WMP2 in the eighteen 
month excel maximum level for moisture (4%) and minimum level for total dry matter 
(96%). The other parameters that are legislated fit into maximum or minimum levels.  
Comparing values of samples analysed after obtaining with those from 18 month of 
storage it is noticed an increase of value of titrable acidity and moisture content with a 
decrease in total dry matter and acid degree value with the storage time in whole milk 
powder. No significant changes were observed with solubility index and scorched particle 
content under these conditions. 
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